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CHAPTER I

BACKGROUND

Transportation systems provide utility value to
resources by moving the right thing to the right place at
the right time. Therefore, defense transportation systems,
as a major element in the Air Force logistles system, pro-
vide the vital 1link between procurement, supply, maintenance
and user activities (18:87).

Transportation managers look to the future with some
concern because the cost of procuring transportation to
provide the resocurce utllity is projected to 1increase faster
than the rate of inflation. Specifically, the price of fuel
is projected to increase approximately 14 percent per year
through 1990, while the annual rate of inflation is estimated
to be 8 percent through the same year (25). Since fuel is a
major driver in the cost of transportation, fuel price esca-
lation could result in a similar increase in the cost of
transportation. At the 14 percent annual rate of increase,
the average cost of moving a short ton of freight would be
$726 in 1990, compared to $196 in 1980 (25).

The anticipated rise 1n the cost of transportation
relative to the rate of inflation could impact the logistics

system in a varlety of ways. For example, the Alr Force

loglstics system frequently relies upon premium air




transportation modes combined with little or no inventory to
support a deployed weapon system., As premlum transportation
costs increase relative to the cost of 1lnventory, the point
may be reached where larger inventories coupled with volume
surface movements may be less costly than procurement of
premium transportation, especlally for overseas shipments.

It is important to note that transportation mode selectlon
decisions cannot be made in isolation of inventory, as well
as other distributlion element decislons. That 1s, to provide
the same level of customer service, expressed in item avail-
ability terms, inventory must be expanded when slow transpor-

tation modes are used in lieu of premium transportation.

Problem Statement

A total distribution cost analysis needs to be per-
formed for determining the approprlate transportation mode
and assoclated inventory strategy in support of selected
dev.oyed weapon systems. The trade-off analysis becomes
more critical in view of the anticipated increase in trans-

portatlion costs relative to the cost of inventory.

Research Objectives

The following obJectives provided the guidance
needed to compare transportation and inventory costs asso-~
clated with various modes and lnventory strategies in order

to determine the most economical method of distribution for

deployed weapon systems.

- d




1) Identify the relevant costs of transportation
associated with the air and surface mcvement of DOD cargo
between CONUS and overseas locations.

il

2) Identify the relevant costs of acquirineg and stor-

ing additional items necessary to provide an established

.
ti

}

level of customer service when surface transpeor:tation
used in lieu of premium air transportation.
3) Perform a trade-off analysis between the total

transportation, acquisition and inverntory costs a

ot
[oR

socins

[7]

2
with the air transportation/no inventory and surface trans-

portation/inventory strategies.

Scope

The focus of thils thesis involved the determination
of the minimum cost distribution system for C-130-7 aircraft
englnes deployed in support of the two C-130 aircraft squad-
rons at Rhein-Maln AB, Germany.

Currently, C-130 engines requiring depot maintenance
are shipped by air from Rhein-Main AB, Germany, to Kelly Air
Force Base, Texas. Once the engines are repaired, they are
returned to Rhein-Main AB by air transportation. Each year
an average of 52 C-130-7 engines are moved in this distribu-
tion system (19).

As an alternative to the air shipment of individual
engines, it 1is proposed that less costly surface transporta-

tion modes be used for C-130 englines. Both break-bulk and

i g a « g




contalnership surface modes are considered for movement of
the englnes between Europe and the CONUS. However, in order
to provide the same level of customer service in terms of
engine availabllity, an inventory of additional C-130 engines
would be needed when the slower surface modes are used. This !
i1s necessary to account for the increase in the transporta-
tion pipeline time associated with the slower methods of
transportation.

The objectlves of this research were then applied to
the study of these alternative ways of supporting the C-130

engine program at Rheln-Main AB, Germany.

Assumptions
Although the following assumptlons will be generail

in nature, their pertinence provides the foundation upon
which this thesls 1s built.
1) The Department of Defense desires to minimize
| total transportation cost, using the avallable transporta-
tion modes.
2) Restrictions will be placed on the use of con-

tainers or break-bulk shipments 1n determining the most

economical method of shipment.
3) The contailners used in transporting DOD cargo
will be 20 foot or U0 foot, depending on the most economical

device used for shipment.

U4) This research specifies a time limit which is




|

requirements. Ideally, station location, route structure
and cargo load capacity will represent variables that must
be included in the formulation of the optimal system struc-
ture.
3) A comparison between contalnerized and break-bulk
shipments will be made in determining cost optimization.
The determination between both types of shipments will
involve the number of shipments per year, the number of
engines to be shipped at any one time and the :ost assoclateil
with such shipments. .
4) The criteria involving mode selection and the ’
type of 1inventory policy used will be the determining factors
between a fast mode of transportation as opposed to a slower Q

mode. Cost/time ¢trade-offs will have to be made in acquirin

the most economlcal cost avallable.

5) This study will focus on peace time requirements ﬁ
in obtaining the necessary quantity of C-130-7 engines from
Kelly AFB, Texas, to Rhein-Main AB, Germany, using the most

economical transportation modes available.

Regearch Question

The followlng research question was developed to pro-
vide direction for this thesis: At what point in time does
the cost of premium transportation for C-130-7 engines
exceed the cost of surface transportatlion coupled with the

required additional C-~130 engine inventory? )




estimated to be from the present through the year 1996. At
the end of this particular time interval, the C-130 aircraft
1s expected to be replaced by the C-17 or the C-XX aircraft.

The critical assumption in this study concerns the
cost criteria for determining the most economical transpor-
taticn modes. The assumption is based n the concept that
the ZCepartment of Defense does, in fact, intend to minimize
transpcertation costs. With excessive fuel and transporta-
tion costs steadily on the rise, 3 more economical means of
transperting DOD cargo must te consiilered.

Brigadier General Powers, Director of Transgportation
He Uf4AT, has stated the need to examine transrortation
within the Air Force environment (25). It is anticipated
that, in the event of an emergency, the requirements Tor men

and material will increase, which will warrant use or the

most ecconomical modes availablsg.

Limitations

1) The total cost research models will concentrate
on the choice between ailr and surface trancportation modes
in minimizing transportation costs 1n reference to the trans-
shipment of C-130-7 englines between Kelly Air Force Base,
Texas, and Rhein-Main Air Base, Germany.

2) The research models will be used to assess the
most economical means of transporting (deploying) a major

weapon system to an overseas location, iIn meeting peace time




Literature Review

Introduction

The first part of this section discusses the major
concerns of the Department of Defense in finding alternative
ways to transport cargo from CONUS to overseas locations.

Concern will be laced on tne high cost of fuels as it

'3

elates to total transportation costs and a brief discussion
on the reasons why fuel costs are steadily increasing. This
sectlon will also respond to the guestion: "How well can
the U.S. support personnel and equipment, in overseas areas
while maintaining an economical, effective, and efficient
transportation network?"

Improvements in transportation rfacilities will also
be discussed as they relate to development of optimal mate-
rial handling systems to meet the needs of DOD customers.
The use of a contalnerized system will be introduced along
with the advantages it has over break-bulk movement. 1In
response to proven cost savings associated with containeri-
zation, the further development of thils system can cut costs
as well as improve handling across the various modes of
transportation. The construction of the container and the
various sizes used, in accommodating specific size shipments,
will play an important factor in determining an optimal
transportation system.

A consliderable amount of cargo 1s transported by the

alrlift mode due to its speed and the benefit 1t provides

8




Justification

While cargo movement requirements have Zeclined
since the United States forces left Vietnam, rising trans-
vortation costs have caused the 70D to spend rcughly the
same amount of dollars to move less cargo. This teing the
case, the U.S. has recogniced that 1f must economize on
transportation costs at every vosslitle crporfunity. An
emerzing area of concern tc the TOD is the intermcdzlity or
shipment of cargo from pcint to pcint by more thar ore means
of transport, in hope of flnding the most optimal means

vailable. The advent of contalners and the emrrasis on

W

ey

ast, econcmical, through movement has brought to the fore-
front a number of problems only dimly foreseen a few years
ago. The excessive increass In “uel prizes and trznsrorta-
tion costs has forced the DOD to seek these more economical
means of transporting cargo, whille at the same time, main-
taining its flexibility and resvonsiveness to all DOD users.
The Defense Transportation System is big business
which 1s effected by inflation, the high cost of fuel and
the changes taking place in the ever increasing transporta-
tlon industry. It is imperative that DOD keep pace with
these changes to ensure that they will be able to respond to
all necessary requirements in meeting transpecrtation needs

anywhere in the world at the lowest possible cost (12:220).
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in elimi;ating the need Tor acqulring excessive inventory.
However, the presence oI Tuel ¢ost increases could change
this pattern conrnsiderztly. More empnasis may have to be

placed on limiting the uce o7 2ir transportation in exchange

for increased inventory at various supply locations. There-

ty

fore, a conparison will be Zizcucsei concern’ g the use ¢

ot

sea versus air transportation 23 2an zid in reiucing total

transportation costs. Air transgortation will always be a
xey factor in commodit: movement; Lut Ln ocmitining two or
more surface transport modes, it may be rcssible to not only
oroduce a total transportaticn, zoiuisizicon and inventory
cost savings with incregsed inventory Levels, but also
decrease ordering, processing and other related cost ele-
ments.

A

o

rief discussion on dreak-=zven znzalysisz will te
presented as 1t relates to the comparison of alternative
distribution systems. In this research, bres<(-even analysis
i1s used for determining at what point in time the costs of
onie system used to satisfy C-130-7 engine distribution will
be less than another.

Finally, the use and description of the total cost
model wlill be presented. The total cost model is made up of
various cost components which, when combined, produce an
overall system cost. The components of this model are:
the inventory carrying cost which can include capital cost,

inventory service cost and storage space cost elements;




transportation costs; and item acquilsition costs.

Overview

In recent years, the Increase 1n cargo movement from
various locations around the world, coupled with substantisl
increases Iin transportation fuel cost, have forced the
Department of Defense to initiate a number of studies in
determining more economical means in which to ship different
commodities of cargo (25). A thorough understanding of the
transportation system 1s a prerequisite to successful decl-
sion making, which involves the selection of a transport
mode o meet a movement requirement. To assist us in our
understanding, it is important to appreciate the impact of
the high cost of energy on the transportation system.

Transportation accounts for over hal?f of the petro-
leum consumed in the United States. Prior to the 1973-1974
Arab o1l embargo, the use of petroleum ty the transportation
sector has been rising at a tremendous rate due %to such
things as 1ncreased vehlcle miles and ton-miles of freight
transportation per capita, shifts towards more energy inten-
sive modes, and the increased use of petroleum relative to
other energy sources (16:169).

During and after the 0il embargo, the federal gov-
ernment adopted a number of policies to conserve fuel 1in %the
transportation sector. A number of these pollcies were

Intended to 1ncrease energy efflciency within each mode of
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transportation, such as motor carriers and shipping. Others

were intended to shift transportation demand from energy-
intensive to energy efficient modes (16:170). Within the
defense transportation system, the use of energy efficlent
modes capable of moving large gquantities of cargo and equip-
ment 1s essentlal durling wartime operations.

It is known that sustaining logistics is a necessary
ingredient for winning any armed conflict. While much has
been said and done about the need to rapidly deploy troops,
equipment and supplies to troubled spots around the world,
the 1lmportance of keeplng them resupplied, once they are
engaged in combat, must not be neglected. Because of the
rapid response dictated by wartime planning scenarios, stra-
teglc airlift is essentlal for the initial deployment. The
United States Ailr Force, through the Military Airlift Com-
mand (MAC), 1is charged with this responsibility. However,
when it comes to sustalning large military operations, air-
1ift cavabilities become overtaxed--not only from a stand-
point of not belng able to move enough supplies on a contin-

uous basis, but also from the standpoint of fuel costs. In

this case, ocean transportation will be the means by which
the heavy loglstic items will be moved, because of lower fuel
costs and its ability to move large amounts of cargo at any
one time (24:45),

Another point which must be kept in mind, with

respect to transportatlon costs, 1s that many of the world's
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potential trouble spots are not equipped to handle the off-
loading of large ships at a rate sufficient enough to keep
up wlth the possible demands. Many bottlenecks will occur
if transport ships are tied up offshore awalting off-loading.
Nct only will this hold up the supply line, but increased
transportation costs will be incurred due to the use of
other higher cost transport modes Zor continuing resupply
and the payment of excessive port fees.

To eliminate these problems and assist in cutting
transportation costs, major improvements in port facilities

will ald in the abllity to handle the bulk of freight

oin

2]
]

to these countries and to allow for increased tonnage move-
ment well above prescribed present day levels (9:17). 1In
summation, the Department of Defense is relying on a highly
developed transportation system, incorporating the most
modern methods in ocean shipplng, to guarantee American per-
sonnel ccntinued support in the most economical manner (17:

38).

Containerization

The key to the efficlent movement of military sup-
port cargo 1s contalnerization, which 1s a freight handling
system that has transformed world trade in the short space
of 25 years. Contalnerization 1nvolves standardized freight
handling by using contalners that are adaptable to trucks,

rall and ship transportation modes. Containerization has
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erableé the United States Department of Defense to cut trans-
portation, loss and damage costs, as well as save time in
cargo handling. Today, approximately 500 container loads
are delivered each week by container carriers, like Sea land,
to the continental ports of Rotterdam, the Netherlands,
Bremerhaven, Germany, and Algeciras, Spain (17:41).

The National Maritime Day 1981 witnessed an era when

more than 75 percent of the world's cargo compatible with

containerized transport 1is being shipped by an industry that
did not even exist a quarter-century ago. It saw a world
containership fleet, that today numbers close to 1500 ves-
sels, and a world container inventory in excess of two mil-
lion units, tailored to carry a full range of commodities in
international commerce. It also saw countless port facili-
ties around the globe dedicated to container shipping (7:
12; 23:113).

Containerization can also be looked at as a system
that 1is almed at introducing continuity into the shipping
process. The container unit is a receptacle of flexible
covering In the shape of a large parellelogram, made of
steel, an alloy or plywood. Its size is standardized at

10, 20, 30 or 40 feet in length. Two containers 10 feet

long can fit into a 20 foot container and two 20 foot con-
tainers can fit into a 40 foot contailner. The loads are
thus adapted to ships, railway cars or trucks and to the

loading equipment. Although 1t 1is not necessary to break

13
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down cargo during the loading process, the container does
require handling and poses the problem of iIntegrating land
and ocean transport (2:14).

In meeting the objective to reduce costs, a rre-
planned land system was developed to eliminate the need for
rehandling and warehousing that would be necessary if prod-
ucts were shipped in single commodity or break-bulk unicts.

At the receiver's end, custom loading allows space and inven-
tory reductions and cuts cost and waste (17:41). For single
products moving in large quantities to an uitimate user, conr-
tainers are loaded at the manufacturer's or vendor's site
rather than at a military installation.

Although containers still encompass less than a two
percent share of the overall frelght traffic, the use of con-
tainers in international freilght transportation is estimated
at about 40 percent and 1n marine transportation, at an
impressive 80 percent (9:18). Without question, the contain-
ershlp industry, ploneered largely through American efforts,
has streamlined the transport of goods throughout the world.
This industry has been instrumental 1in opening up new worild
markets. It has seen phenomenal growth over the past 25
years and has made dramatic strides both in technology and
in the quality of service.

Assisting in the movement of containerlzed cargo is
the Sea-Land giant SL-7 contalnership. These ships carry

contalnerized, as well as break-bulk military cargo destined
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for U.S. troops located in areas such as Europe, the Medi-
terranean and the Far East. Introduced in 1973, the SL-T's
are among the world's largest and fastest ships capable of
attaining 33 knots crulsing spped. Each ship is capable of
carrying 1100 contalners of 30 and 40 foot lengths.

Contalnerization, found in all areas of shipping,
provides the advantages of a method that deals with the prob-
lem of cargo transfers far more effectively than methods

used to ship break-bulk cargo.

Air Transportation

Alr transport's primary advantage is obviously speed.
This speed is all the more attractive because it multiplies
benefits. Time saved 1s a source of cost savings 1in itself,
but 1t alsoc has a direct impact on the amount of capital
tied up in the cargo during shipment. The result adds up to
considerable amounts of money when transportation time is
reduced from several weeks, or even several months, to a
few days. The problems assoclated with the storage and care
of goods in translt, as well as the costs of storage and
care of cargo, can be reduced to a minimum by rapid air trans-
port. Alr freight is a precious link in the distribution
chaln connecting shippers and consumers, whatever the dis-
tance separating them (2:92).

Another advantage of alr freight is the guality of

goods delivered. 1In the cargo compartment of an airplane,
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cargo or goods are safe from weather and the risks of theft
and damage posed by surface transgeort during transfer and
storage time, which the aircraft generally eliminates. The
caution that necessarlly dominates all ground operations
involving an airplane has a positive effect on the quality
of service and attention paid to freight Juring loading and
unloadling. This, in turn, has a teneficial effect on insur-
ance rates. Alr freight 1s, by far, cheaper to insure than
the same freight shipped ty ground cr ocsan transportation

(2:93).

Sea Versus Alr Transportation

It was found that the total cost of cargo mcvement
by sea represented 25 percent of that experienced on air
shipments. In consequence, a shift in the movement of cargo
£to the sealift mode 1s becoming more and more commonplace.
Shipping lines are a serious threat to the air cargo indus-
try, because of a freighter's abllity to carry more cargo
per ton mile as compared to the tonnage capaclty of a large
cargo aircraft (24:45). For example, in an all cargo con-
figuration, a B-TU47 aircraft can carry over 100 tons, which
is about one percent of the tonnage capacity of a small
ocean-going frelghter,

On the other hand, air transportation has the spesd
advantage over sealift. In the above example the B-747 can

cover 25 to 35 times as much distance as the ocean vessel
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in one hour. Hence, 1f ton-miles per hour were the only
eriteria for comparison, three or four B-747's can displace
the need for cne entire small Treighter.

In the final analysis, air remains an important part
of continuing trans-oceanic shipping strategy. Wwhile ocean
volume is still increasing, ! 1s ultimately anticipated
that the modal mix will level off at 835 percent by sea and

15 percent by ailr (24:315).

Modal Cholce and Routing

The shipper's choice of mode is <Tyrically not a sin-
gle cholce of between water, rail, highway or alr transport
modes, but is an objective and subjective selection made
from a mixture of modes, routes and schedules. In other
words, modal choice and routing can be viewed as a set of
sequential decisions made by the shivper. Shippers of
various commodities should examine a number of factors or
costs which they regard as relevant. For different commodi-
ties, different factors will take on greater or lesser impor-
tance. For one commodify, the welghts given to each factor
can be thought of as remaining constant over a particular
network, and each link's rating can be determined on the
basls of its particular performance characteristics. Once

links are rated, paths can be sought to maximize the ship-

per's utility rating which will, in turn, minimize transpor-

tation costs (15:48).




Break-Even Analysis

One method for choosing between various transporta-
tion and inventory strategies to minimize the total costs
of a dlstribution system is tased on trhe vrinciples of breax-
even anaiysis. Break-even analysis can be performed by
graphic or mathematical methcds. The dynamic approach can
be organized to provide inTrrrmztion concerning movement
volumes at which a shiprer should alter their logistics sys-

tem, to relate costs of varlisus systems av any

polnt in “ime
or to assess the impact c¢? “ixed costs on the selection ¢ a
logistics system to do a particular job. It goes teyond an

analysis of the relative Zezirztility of ceveral 1o

. .
~3tics

3
Jn
147]

systems at a given point in time, which requires assumptions
of static volumes of shipmentz, shioment characteriziics or

service characteristics. The dynamic approach of logistics

systems analysis requires, as stated above, the measure-

ment of all costs associated with the use of a system over

the time period of interest, the separate identification of {
fixed and variable costs, and the computation of point of

indifference between alternative systems (6:U465).

Total Cost Concept

Total cost analysls provides a convenlient vehicle
for analyzing the cost considerations involved in selecting
between a number of transportation and inventory strategy

alternatives. Further, it requires the collection of the
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fixed and variable costs in such a manner that cost trade-
offs can be identiTied. Total cost 2nalysis can also be
used to analyze many types of logistlcs systems, such as
those using orivate transportation methods, special devices
for information flow, varying numbers of stcorage facilities
and others (6:46%)., Finaily, total cost nodels provide the
information necessary to perform a break-even analysis of
alternative distributior. systems.

In order to develop a cost-eifective form of <ranz-
portation and inventory distribution system, all associagted
costs should be fully 1dentified, reported guickly and accu-
rately, and be reazadily accessible for routine operations znd
long range planning. The objective in developing a more

+“

cost effective tranzvertatic:n and inventory system 1Is to
minimize the combination of each individual cost component.
While there are many forms of total distribution cost models,

the general model used in this study is:

Total Cost = transportation cost + inventory carrylng cost

+ 1tem acquisition cost

The Department of Defense should always examine ways
to0 achleve the optimal cost-service mix without injecting
any shortfalls which may hinder military responsiveness and
effectiveness. For example, methods to reduce costs can
include increased consolidation of cargo shipments, such as
in contailnerlized movement; r ggy-back routings; the use of
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common plck-up and dellvery points; and more effective pack-
aging (12:147).

The transportation and acqulsition cost components
of the total cost model used in this research will be 4dis-
cussed 1In the following chapters. The inventory carryving
cos* component will also be discussed in srecific detail
in Z“he following chapters; however, a general discussion

of Inventory costs 1s provided next.

Inventory Carrying Cost

Inventory carrying costs can be thcught of as “hose
costs associated with the quantity of inventory stored, zand
include 2 number of different cost components. The need for
an accurate assessment of inventory carrying cost, if the
appropriate trade-offs are to be made, depenus on the mag-
nitude of these costs in the problem situation. In lieu of
accurate and specific calculations, estimates are usually
used when considering the cost of holding inventory, and
these range from 12 percent to 35 percent of item value.
These percentages are derived from traditional textbooks or
from industrial averages. Most carrying cost percentages
are nearer to 25 percent (12:240).

It 1s often the case that 1in many companies, inven-
tory carrying costs are not calculated but only estimated.
When these costs are calculated, the calculations generally
include only the current Iinterest rate plus such items as

insurance and taxes (12:239).




Calculating Inventory Carrying Cost

In calculating inventory carrying cost, only those
costs that vary with the quantity of inventory should be
included. There .are four major components involved in
determining the inventory carrying cost in a transportation
and distribution system. They are: capital costs, inven-
tory service costs 3and storage space costs. A brief des-

cription of each component will be presented nevt.

Capital Costs. When inventory 1is ottained, it ties

up money that can be used for other types of spending. Con-
sequently, the opportunity cost of capital, which is the
rate of return that could be realized from other uses of
money, should be used in order to reflect accurately the
true costs involved. 1In organizations where funds are dis-
tributed for specific purposes, a hurdle rate should be used
as a cost of capital. A "hurdle rate" may be defined as the
minimum rate of return on new major procurement items (12:
241).

Once the cost of money has been established, it is
then necessary to determine the value of the inventory on
which the inventory carrying cost i1s to be used. At this
point, costing alternatives should be used. The two costing
alternatives used are the direct costing method and the
absorption costing method. The direct costing method is

that method of cost accounting which is based upon the
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segregating o7 costs into fixed and varlable components.
Thils is done in order to exclude fixed costs of procduction
from the inventory walues. With absorption costing, other-

wise knowrn 2s full costing, Tixed manufacturing overhead is

>7 faxes znd Insuranc2 raid as 2 result of holding inven-

3 v,z T2n s2rze, taxes vary directly with inven-

-

tory levels. On the othne2r hand, insurance rates are not
oroportional to inventory levels, since Insurance 1s usually

1 o - cr s mvam oy T n cea T Pl -
Turchased —o> :22vsr oz o22rTaln vali2 27 an 1ltem over a3 specil-

I23d perind of tims zand rovised periodically based on change

caxes during 3 specified period of time can be czlculated

1s 3 percentage of the Inventor: value, and then added ¢o
the cost of money compcenent of the carrying cost. If bud-
geted figures are avallable for the coming year, thev can be
used as a percentage of the inventory value based on the
forecasted inventory level in order to provide a future-

sriented carrying cost (12:244-245).

Storage Space Cost. Storage space cost 1s incurred

when storing inventory type items within a specified building

or location. The type of facilities used plays a major role

in assessing related storage costs. Examples of the various
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f3cilities are: rpublic warehouses, crivate warenhcuses,

rented or leased warehouses. Puriina gnd leased warehouses

)
M

usually contain variable cost compconents which vary with

the amount of inventory stored. Private warehouses contain
fixed cost components which do 1ot vary in direct proportion
to the amount of inventory held. Again, only those costs
nat vary witnh the guantity 0° inventory should Te Included

in determining the inveniory carrying costs.

Summary
We have cresented the background, problem statement

and objectives of this resea

3

ch effort. Chaptsr II will

P

o analyze the gresent and pro-

[o)

o)
D
wn

¢ribe the methodology use
posed distributlioca systems under study. A tozal cost model
will be presented for the identification of the cost com-
ponents necessary in evaluating the total costs of alterna-
tive systems. Chapter III includes a discussion of the
results of our analysis, followed by the conclusions and

recormendations in Chapter IV.
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CHAPTER II

METHODOLOGY

Introduction

The principle objective of thils research was to ver-
Torm a trade-off analysis between the total transportztion,
cguisition and inventory costs associated with various dis-
tributlon strategles to support C-130-7 engine demand 1n
Zurove. Two major strategies were investigated. The first
strategy represents the current system of using air trans-
portation of C-130-7 engines between Xelly AFB, Texas, and
Rhein-Main A2, Germany. The second strategy proposes the
use of containerships for the engine movement requirements.
This strategy incorporates land and sea transportation modes
for contalner mcvement, and requires an additional inventory
of C-130-7 englnes to provide the same level of customer
service as the air ¢transportation system. That is, the addi-
tional inventcry 1s requilred to account for the slower
intransit times of the surface transportation systems. This
strategy involved the investlgation of using both 20 and 40
foot contaliners for the intermodal surface movemert of
C-130-7 engines.

In order to determine the most economical method of

distribution, 1t was necessary to examine the present and
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future costs directly related to the strategles under inves-
tigation. Thus, thils research attempted to capture and com-
pare the total costs of moving C-130-7 engines between Kelly
AFB, Texas, and Rhein-Main AB, Germany, using doth air and
surface transportation modes.

The main thrust in evaluating the total cost of a
distribution system is the Introduction of the total cost
concept. The total cost concept 1s the recognition that ¢the
locgistics system should be defined broadly enough so that
all relevant costs to a decision problem are considered in
the decision process. In determining optimai transportation
alternatives, a total cost model will be presented to assist

in analyzing the system under study.

Research Model

The total cost model used 1n thils study enconpasses
three tasic cost components: fixed costs, variable trans-
ortation costs, and Inventory carrying costs. These cost
P s

components willl be examined and explained below.

Pixed Costs (FC)

Fixed costs can be defined as expenses which do not
vary with the amount of service that is being offered. It
is generally assumed that expenses for equipment, facilities,
depreciatlon and taxes on these items are fixed (5:73). For
this research, the flxed cost component includes the expendi-

tures necessary for acqulslition of additional C-130-7
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engines required to f111 the pipeline inventcry when surface
transportation is used in lieu of air transportation modes.
Because surface transportation 1s slower relative te air
transportation, additional pipelirne inventories are necessary
to provide the same level of customer service available with

use of air transportation.

Variable Costs (VC)

Variable costs can be defined as thcse expenses
which vary directly with the amount of service offered Ty &
particular carrier. Transportation expenses that czn be con-
sidered variable include, but are not limited to,

equipment maintenance costs, labor costs and handlir

m

Inventory Carrying Costs (CC)

Carrying costs can be defined as the costs thzat are
assoclated with the quantity of a particular item stored.
The magnitude o these costs and the fact that various item
levels are influenced by the configuration of the physical
distribution system demonstrates the need for an accurate
assessment of carrying costs, if the appropriate cost trade-

offs are to be made (12:241).

Total Costs
Total costs emphasize the appraisal of all fixed
costs, varlable transportation costs and inventory carrying

costs resulting from a declsion to utilize a particular
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method of accomplishing each activity. Furthermore, it
places emphasis on the analysic of the nature of change in
these costs under varylng conditions. The underlying prin-
ciple of the concept advocates the avoidance of suboptimi-
zation of system components, that is, the optimization of
one system ccmponent to the detriment of forv3l system cost
(12:35).

In summary, the “cllowing is the total cost model

which was used in examining the

“r

otal costs of various sys-

tems under investigation:

Total Tost = Fixed T-ct 4 Trancvortation Varilable Cost

+ Inventory Carrying Cost

Data Requirements

The variables used in developning the total cost
model are classified as input (decision) variables and out-
put (dependent) variables. The input varlables are decision
variables under the control of the declslon maker, and the
output variables are response variables which are a function
of the input entities (20:15-16).

In the transportation systems under study, three
variables are identified as independent. These variables

are transportation costs, acquisition costs and inventory

carrying costs.
Transportation costs are those costs associated with

the movement of materials and equipment from polnt of origin

27
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to point of destination. These costs may include loading
and unloading, packaging and damage, transit time, intransit
loss or damage not covered by carrier liability, and traffic
control. For this research, transportation rate tariffs

for the various modes were used to represent the total »f
all of the separate cost components. Acquisition costs are
those costs associlated with purchasing or procuring an itenm
or plece of equipment. These costs are usually sunk costs
which cannot be recovered once the item or equipment Is
obtained. In this research, acquisition costs were computed
for additional C-130-7 engines needed with the surface trans-
portation strategy. Inventcry carrying costs incluce onl:
those costs that vary with the level of inventory stored,
and can be categorized into the followings groups:

1. Capital cost, which is the oprortunity cos:t =7
capital multiplied by the variable out-of-pocket investmen:
in inventory;

2. Storage space cost;

3. Inventory risk cost including obsolescence,
damage, pilferage and relocation costs. Inventory carrying
costs, as a proportion of average value of inventory on hand,
have been estimated generally at 25 percent. For this
research, Inventory carrying costs were equated to those
used for economic order quantity items in Air Force supply
systems.

The output (dependent) variable 1s identified as the
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total cost component 1n the research model. Total cost is
one measure of the transportation system under investigation,
and it takes 1into consideration all transportation and
related costs a2f7=cted by the possible changes which may

occur within a system.

Data Collection

The tury 22 o this section 1

w

to identify the pri-
mary sources utilized 1in obtalning all pertinent data neces-
sary to develor tiz T2otal cost models. The information con-

cerning the (C-130-7 engilne welght and shipping dimensions

Fan

was obtained from the Traffic Management 0ff1ice, ¥elly Alr

The policies and procedures pertaining to the number
of englnes authorized at Rheln-Main and shipment rcuting
were obtained from the San Antonio Air Logistics Zenter,
located at Kelly Alr Force Base, Texas (19). The route
structure provided information on the current flow of C-130
englnes, the route segments connecting Kelly AFB and FRhein-
Main AB, and the mode of transportation now being utilized
to accomplish this task (19).

The requlred informatlion on modal rates were obtained
through telephone conversations with Traffic Management rcer-
sonnel and from published technical information. The pri-
mary data sources for airlift rates included the Military

Alrlift Command (MAC) Log Air Tariff, dated January 1982;
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Air Force Regulatlon 76-11, UI.2, Geovernment Rate Tariffs,
dated May 1981; and Traffic Management Qf’ice rersonnel at
WAright-Patterson AFB, Ohio (3).

A1l surface rates, including land and sealift, were
obtained through telephone conversations with Military Traf-
fic Management C-mmand personnel (17,

The contalner was usei In -ni:z z-uiv for» the purpose
of consolidating the shipments ¢f 7-120 englines from origin
to destination. In so doing, rate structures have been
emplcyed in hopes of reduclng “he overall costs incurred
within the transportation system. The container rates were
obtained from Military Traffic Management Command personnel
at the water port of Bayonne, New Jersey (10; 22).

The addltional information required to construct and
evaluate the total cost model 1is the acquisition cost for
the C-130-7 englne. This cost and other related information
were obtained from the Propulsion Laboratory, located at
Wright-Patterson AFB, Ohio (14). 1Intransit times for both
surface and air transportation were obtained from HQ AFLC,
also located at Wright-Patterson Air Force Base (13).

The above sources provided the information required
to develop the total cost and break-even analysis models

used in this study.

Total Cost Model Development

This section will describe the total cost model used
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for evaluating the two strategles of distribution. This
model is linear in nature and will describe total costs for
a speciflic method of moving C-130-7 engines to and from
Europe.

The decision varlables of the model are the trans-
portation costs, engine acqulsition costs, englne salvage
value, carrying costs, and the discount factor/present value

variables.

Transportation Costs

Transportation costs were determined for the present

and proposed systems based on 1982 data. The authors then
forecasted the costs over a 15 year period, from 1982-1966,
using an annual increase of 14%, based on the estimated u
fuel cost increases from the Future Look '81 Corference (25).
These costs were then discounted into present value, 1982
dollars, using a government recommended discount factor of

10 percent (1:82).

Acquisition Cost

In maintaining required customer service levels for

the proposed surface transportation systems under study,

additional C-130-~7 engines would have to be acquired and
added to the current inventory. Based on a 1982 cost of
$91,000 per engine (lu), a total acquisition cost would be
calculated based on the total number of additional engilnes

needed.
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Salvage Value

The salvage value represents the amount of money
that could be expected from disposition o7 engines under the

assumetion that the C-130 aircraft will be replaced by thse

C-X or C-XX, fifteen years into the future. 1In calculating

this value, the authors aprlled the current engine acquisi-
ticn cost, derreclated 1t over a 20 year reriold arnd ascumed

that the engine would be worth approximately IS rercent cof

i

its original :cost after Ju:
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a ty an annual rate of 8 percent over the 1% rear
periosd. This Tizure was then discounted using a 10 percent
discount factor. The resuiting amount wag then aprllied 3

the salvage value for the C-130 engine at the 15 year point.

nventory Carrying Cost

The Department of Defense does not normally consider
carrying costs for major acquisition 1tems 1in pipeline inven-
tory models; however, the authors felt that some consldera-
tlon should be given for carrying the additional engines
requlred for the proposed system since there is additional
storage and handling. In the absence of an ex'sting method
of calculating the carrying costs, the authors developed the
following basic procedure. A carrylng cost of 26 percent

was applied to the annual stralght-line depreciated
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acquisition costs for the C-130-7 engine. Thls percentage
rate was extracted from AFM 67-1, Volume II, Part 2, page
11-4a, Carrying Costs for Economic Order Quantity Items.
The resulting amount was then multiplied by the number of
additional engines required. The computed carrying cost
was then increased atr an annual rate of eight percent to
20tain the annual car-~ying cost to be used in this model.

FTinally, the annual carrying cost figure was discounted to

Inventory and Custcmer Service Level

nt Inventory level at Rhein-Main Air Base,
jermany, 3includes an authorization of 15 C-130-7 engines,
with a 1982 predicted demand of 26 engines. The information
concerning authorization levels was obtained from the C-130.
Engine Systems Manager (19). This data was then combined
with the average time required to move Priority I cargo from
Kelly AFB to Rhein-Ma.n AB to determine the average level of
inventory based on a uniform usage rate, which maximizes
customer service. This average Inventory level was used as

the required customer service level for both the present

and proposed systems. For the purpose of comparing alterna-
tive systems, the authors established an arbltrary stock
level of 50 englnes to be positiocned at Kelly AFB for use
with the current system. This, in turn, enabled the study
of the "total pipeline" effect on inventory, as it applies
to this research.
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One objective of the proposed system is to provide
a level of service that is equal to or better than the sys-
tem presently in use. This required the acguisition of
additicnal C-130 englnes which were addzd to the present
levels to offset the increase in the time required to move

engines between Kelly AFB and Rhein-Main AB.

Intransit Delilvepry Time Criteria

One of the basic factors used in achieving a well
balanced stock position is a reasonably predictable order
and shipping time (0&ST). The 0&ST, literally the "pipeline"
time, represents a period from the time the requisition is
entered into the supply system until the required material
is received by the requisition activity (23:99).

The 0&ST, when translated into quantities of items,
becomes a significant factor in the calculation of the
operating stock level. An operating stock level 1s the
quantity of C-130-7 engines necessary to meet demands over
a period of time. The quantity required is calculated from
past demands over a simllar time period, the number of
englne-days in the "pipeline," and a safety level quantity
to compensate for varliations in demands or shipping delays
(23:99).

The intransit delivery time used in thilis model was
determined by taklng the average monthly order and shipping

time for the period January 1980 to June 1982, for cargo
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movement from Kelly Alr Force Base to a designated European
destination. To determine the intransit shipping time for
alrlift movement, the data for Priority I shipments were
used. For surface movement, Priorities II and III shipment
data were used (13). Actual 0&ST data was used in lieu of
standard data to better represent the environment under
study. It should be noted, fcr the benefit of the reader,
that standard times are available.

One of the factors in calculating standard order
and shlpping time is the Standard Delivery Date (SDD). The
SDD 1s the maximum standard terminal date by which the
normal processing and shipping time in the logistics system
wlll permit the receipt and recording of the requested
material by the requlsitioning agency or consignee. The SDD
can be computed by adding the appropriate time standards in
columns 3 and U4, of Figure 2-1 below, to the date of requi-
sition. Of course, the geographic locatlon and the priority

group will be the governing factors (23:100).

Total Cost Computation

For the present and proposed systems under study,
the total costs were calculated by a summation of the acqui-
sition cost, transportation costs and carryling costs for
each year of occurrence., Following this, a government recon-
mended 10 percent present value factor was applied to these

cost totals to obtaln the annual discounted costs for each
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Fricoricy Priority CONUS Overseas
Jroup Designation SDD SDD

(1) (2) (3) (L) |

1 t1 - 03 8 days 12 or 13 days
2 04 - 08 12 days 16 or 17 days ]
3 06 - 15 31 days 69 to 8L days

Flg. 2-1. Standard Delivery Dates
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system. Flnally, the annual discountei co:%:z o ach system
were summed to arrive at the net present value cost of each

system,

Total Cost Mcdel Validation

This section discusses the technigues used fecr
valldating the total cost model.

Validation of the transportation cost compronent c¢f
the research model, as applied to the current system, was
accomplished by computing the transgortation costs per
engine f{rom data obtained from the Trarlffic Manzgement 07%1ze
at Wright-Patterson Air Force Base, Ohlo. Th=ase z2o0s7Tg wevre
compared to the actual transportatlon costs obtained from
the Traffic Management Office at Kelly Alr Force Base,
(4). It was discovered that the actual costs were 99.5 per-
cent of the calculated costs. This difference was attributed
to the rounding of the calculated costs to the nearest dol-
lar. It can then be assumed that the model 1s very accurate
in reproducing the actual cost of the current systemn.

In reference to the proposed system, there was no
real] system with which to make a comparison. In order tc
validate the transportation costs of the total cost model
for the proposed system, Mr. Joe Kelly (11) of Bayonne's
International Transportation Rates Dlvision was asked to
calculate the transportation costs to which the authors'

calculated rates were compared. Bayonne's calculated costs
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were found to be 14,36 percent less than those of the
authors. An investigation indicated that the major differ-
ence in costs was attributed to the fzct that the costs

used at Bayonne were the lowest cost possible in each case,
Whereas the authors chose to take an average of several

¢cost variables jquoted by different carriers. Since the
objective 0of this study is to determine if the grovosed sys-
tem 1s more economical than the current system, the authors
chose to use the higher rates for the proposed system in an

pal

effort to ensure that any error made would be in favor of

the current system.

3reak-zZven Analysis

Break-even analysis is another way to analyze data
for specific planning and controlling purposes. In this
study, break-even analysis was used to determine the most
cost effective way of supporting the required C-130-7
engine demand in Europe. The important usefulness of break-
even polints lies in the process of forecasting and control-

ling costs. 1In itself, a break-even point moves only with

changing conditions and, in moving, flashes a warning. 7o
ensure follow-through from thils warning requires a detailed
control employing the time concepts supporting the break-
even goal, clearly expressed as gcals at all management deci-
sion levels.

Figure 2-2 depicts the break-even analysls chart

desligned 1in this study to examine at what point, within a
38
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Fig. 2-2. Break-Even Analysis Chart
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fifteen year period, the proposed system will tecome more

cost effective than the present system.

'y

The i1tems of significance in the breax-even chart
are:

1) the break-even point

2} the pctential ccst savings atove the break-even
ooint

2) variable cost rates as an approximation of
"ifvect" or out-cf-pocket costs (costs which vary with
volume)
Yy ©ixed cost (cocst of additional engines)
5) =2tal ccst for present system

6) total cost for proposed system

Sensitivity Analysis

Sensitivity analysis was performed to determine how
senslitive the results of the total cost models were to
changes in the following two key input variables. TFlrst,
C-130-7 engine demand was variled at 10 percent above and 10
percent below the baseline rate of 26 engines per year.
Second, the forecasted 14 percent rate of transportation
cost inflation was changed up to 20 percent and down to 8
percent.

In addition, the surface transportation routes were
varled to examine the effects of utllizing alternative ports

of embarkation and debarkation. Finally, in order to better
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assess the costs and benefits of contalnerization, a surface
transportation system incorporating break-bulk shipping was
investigated. As with the use of 20 and 40 foot containers,
thls system required an additional inventory of C-130-7
engines to account for the slower intransit times of break-

bulk v -ssels.

Summary
This chapter described the methodology used to

analyze the present and proposed systems inrvolved in this
research effort. A total cost model was developed and used
to study the cost differences between the two systems. As
indicated in thls chapter, the majority of data came from
the Traffic Management Office, Kelly AFB, Texas; San Antonio
Alr Logistics Center, San Antonlo, Texas; and the Traffic
Management Office, Wright-Patterson AFB, Ohio. The actual
transportation costs were calculated from the data obtained
from Kelly AFB and Wright-Patterson AFB and were found to be
99.93 percent accurate. This effort was accomplished in
order to verify the accuracy of the data used and to

increase the reliability of the model and its results.
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CHAPTER III

MODEL MANIPULATION AND RESULTS

Introduction

This chapter describes how the total cost models

«,
v
80}

rty

izveloped fo

rs

analysis of alternative methods o7 trans-
porting C-130-7 englines between the San Antonio Ai:» lLogistics
ernt2r 3t Kelly ATFE, Texas, and the (C-130 bed-down ©tase at
RFhe2in-Main AB, Germany. The chapter begins with a presen-
tation of how the data was collected, analvzed and <rarc-
formel into the total cost models for the two major 3trate-
gles under investigation. The first strategy represents the
current system of using ailr transportation 7or engine move-

o~

ment. The second strategy proposes the use of containers

to move the engines through intermodal surface transcortia-
tion systems. For this strategy, both 20 and 40 foot con-
tainer systems are analyzed. Total costs for each of the
major strategies are then compared to determine the most
economical distribution system. The chapter concludes with
a discussion of the sensitivity analysis performed to deter-
mine the effects of changes to demand forecasts, transpor-
tation rates, and transportation routes. Under the sensi-
tivity analysis phase of this research, the use of break-

bulk shilppling in lieu of containerization was also investi-

gated.
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Data Analysis

Table 23-1 provides the data parameters necessary to
construct the total cost models. The initial step in ana-
lyzing the data was to establish the average level of cus-
tomer service at Rhein-Main AB, Germany, and the average
inventory levels at the Rhein-Main AB and Kelly AZr Torce
Rase locations. This was accomplished by analysiz of the
average transit time, the minimum inventory levels and ths
2stimated engine demand for 1982. Assuming 2 unlilorm usuze
rate of 26 engines per year at Rheln-Main AB, and an engine

-

rom the San Antonio Air Logistics lanter

o

veing ordered
Depot every time an engine requires major overhaul at
Main, an average on-hand level of 14.24 engines was estab-
lished at Rhein-Main under the :urrent air transpcertation
system. The minimum inventory level, i- this case, was esti-
mated to be 14 engines. An average inventoryv level of 49,31
engines was established at the San Antonio Alr Logistics
Center at Kelly AFB, also under the current system. The
minimum inventory level at Kelly AFB was estimated to be 49
englnes., Figure 3-1 illustrates the iata analyzed to estab-
1lish the minimum and average inventory levels for the cur-
rent air transportation system. These levels were then used
to establish the customer service level criteria for the

proposed systems under investigation.

Using the data in Figure 3-2, it was determined that

in order to satisfy the customer service criteria established
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TABLE 3-1

DATA PARAMETERS

Air Rates:
Log Air from Kelly to Tinker 16 cents per pound
MAC from Tinker to Rhein-Main 1.478 dollars per pound

Engine Dimensions in Shipping Container

110 inches long, 46 inches wide, 49 inches high, and
2600 pounds

3.6 measurement tons

Truck Rates:

From Kelly to: Galveston New Orleans Charleston
Break-Bulk 5.84/cwt 4.17/cwt 9,12/cwt

20' contalner .89/mile .89/mile .89/mile
40' container .93/mile .93/mile .93/mile

Ocean Rates per Measurement Ton:
Port Handling

From Galveston or New Orleans to Europe: Charges
Break-Bulk $68.57 $ulu. 61
20' container $74 $ 3.76
4o' container $58 $ 3.76

From Charleston to Europe:

Break-Bulk $75.77 $44 .61
20' contalner $64 $ 3.76
4o' container $52 $ 3.76
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TABLE 3-1 - Continued

Port Handling

Truck Rates per Measurement Ton Charges
From Bremerhaven to Rhein-Main $40.53 $65.56
From Rotterdam to Rhein-Main $27.60 $43.13

Average Travel Times
Air 11 days

Surface 56 days

20 foot container priced at 30 measurement tons

40 foot contalner priced at 60 measurement tons

Inventory Levels:
Rhein-Main 15 engines

Kelly 50 engines

Engine Cost: $91,000 each

Salvage Value: $15,821 each, after 15 years use
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for the current system, seven aiditlonal enginec zre
required at Xelly AFB and three zdaitional engines zare
required at hhein-Maln AB, Germany, when 20 [{ooct contaliners
and Intermodal surface transportzticn systems =zrs ~z231 Tor
C-130-7 engire distritution. When tne prorosed srsten
employs the use of 40 foot contalners and intermolzl sur-
face transportation systems, it wzs Zetermined izt a2vern
3idictional engines are needed at coth Xell

-~

Main AB, as depicted 1n Figure

Transportation Costs

.

lvsis involr=2i ietermi-

The next step in the data an

w

nation of the annual transpcrtaticn costs for the zir and
surface transportaticn system alternatives over the 1E5 year
period of analysis. Filgures 3-4 through 2-7 gragniczlly
1llustrate the routing networks and transportation rates

for the strategies under 1nvestigation. The current ailr
transportation system, shown in Figure 3-4, involves air-
1ift of C-130~7 engines between Kelly AFB and Rhein-Mailn AR,
with an intermediate stop at Tinker AFB, Oklahoma. The
intermediate stop 1s necessary to interchange engines between
the MAC Tinker-Rhein-Main airlift channel and the Tinker-
Kelly LOGAIR channel. Figures 3-5 and 3-6 provide the inter-
modal surface routing networks and transportation rates

for the 20 and 40 foot movement alternatives, respectively.

It 1s noted that New Orleans and Rotterdam were chosen as

52
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Fig. 3-4. Air Transportation Costs

"harleston

Rhein-Main

Fig. 3-5. 20' Container Surface Transpcrtatlion Routes
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Fig. 3-6. H40' Container Surface Transportation Routes
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Fig. 3-7. Break-Bulk Surface Routes
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the primary seaports of embarkation/debarkation for the pro-
posed system. Figure 3-7 is included to 1llustrate the
break-bulk surface transportation routes and rates which
wlll be discussed in the section on sensitivity analysis.

To determine the annual total transportation costs
for the present alr transportation system, the costs from
each leg of the selected routes were combined and multiplied
by 52 engines. The engine demand represented a yearly move-
ment of 26 serviceable engines to Rhein-Main AB and a yearly
movement of 26 repairable engines to Kelly AFB. The air
transportation costs were then increased by an annual rate
of 14 percent for each succeeding year, and then discounted
back to 1982 based on end-of-year payments and a 10 percent
discount factor. Table 3-2 illustrates the results of the
analysis for the air transportation system and shows an
estimated 15 year total cost of approximately $3.92 million
dollars. Since no additional engines are required for the
current alr transportation strategy, this figure represents
the total distribution costs for the current system.

The computation of transportation costs for the
proposed systems involving the use of 20 foot and 40 foot
contalners was similar to the computation of transportation
costs for the current system. That 1s, the transportation
rates for each route segment were combined and multiplied by
the yearly engine demand. However, before the annual costs
could be discounted, acqulsition costs and inventory carrying
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costs had to be computed since the proposed surface inter-
modal systems involved the addition of engines in order to
provide the same level of customer service as the present

system.

Acquisition Costs

It was determined that 10 additional engines are
needed for the 20 foot container intermodal transportation
system, and 14 additional engines are needed for the 40 foot
container system. It was assumed that the acquisition would
take place in the 1initial year of the study and that the cur-
rent engine cost would remain at $91,000. However, since
the engine life was assumed to be 20 years and since the
study assumed a 15 year time perilod, each additional engine
bought would have a salvage value for the remaining five
year useful 1life. Therefore, the acquisition cost was off-
set by a salvage value.

To compute the salvage value, the first step involved
dividing the engine acqulsition cost of $91,000 by 20 years.
This produced a yearly straight line depreciation value of
$4,550 per engine, assuming a zero salvage value at the end
of year 20. Since 1t was estimated that the C-130 system
would be replaced in 15 years, the next step involved multi-
plying $4,550 times the remaining 5 year useful life. This
resulted in a salvage value of $22,500 per engine. The next

step involved increasing the salvage value of $22,500 by 8
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percent per year for 15 years to account for general price
inflation. The resulting annual cost figures were discounted
back to 1982 present value terms using a 10 percent discount
factor. The entlre process then resulted in a salvage value
of $15,821 which was deducted from the $91,000 engine acqui-
sition cost to establish a net acquisition cost of $75,179
per engine in 1982,

The net acquisition cost for the 10 engines needed
for additional inventory for the 20' contalner system was
then computed as 10 times $75,179, or $751,790. The net
acquisition cost for the 14 engines needed for additionsal
inventory for the 40' container system proposal was computed
as 14 times $75,179, or $1,052,506. To compute total acqui-
sition costs, a discount factor of 1.00 was zapvlied since
it was assumed that the engines would be bought at the begin-

ning of the study.

Inventory Carrying Cost

As explained in the methodology, the inventory carry-
ing cost per engine was computed at 26 percent of the yearly
depreciation value, based on a 20 year useful life. The
resulting figure was multiplied by 10 or 14 engines, depend-
ing on whether the 20 foot or 40 foot container systems was
being considered; then increased by 8 percent per year to
account for general price inflation; and finally discounted

back to 1982 present value terms.
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Total Cost Models

The total cost for the current alr transvortation
system, over the 15 year period, was previously reported to
be approximately $3.92 million (see Table 3-2). To compute
the total accumulated costs for the proposed intermodal sur-
face transportation systems, the acquisition costs and yearly
transportation and inventory carrying costs were inflated,
discounted, and summed as shown in Tables 3-3 and 3-4. The
models indlcate that the current air transportation system
costs are 136 percent greater than the estimated cost of
$1.57 million for the proposed surface transportation system
using 20 foot containers, and 113 percent greater than the
estimated cost of $1.84 million for the proposed surface
transportation system using 40 foot containers. These

results will be further analyzed in the next section.

Break-Even Analysis

In observing the total cost Tables 3-2, 3-3 and 3-4,
it appears that the total costs for the proposed systems are
greater than those of the current system for 1982. However,
when a comparison of the total costs of the proposed and pres-
ent systems 1is made in year 15 (1996), it 1s discovered that
the proposed systems produce lower costs. Break-even anal-
ysls was used for the purpose of establishing the point, or
perlod of time, at which the total costs of the proposed and

present systems are equal. This was accomplished by
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utilizing a break-even analysis graph projecting the total
cost per year of each system over a 15 year time horizon.
The break-even point, at which both the present and prososed
system's cost curves intersect, indicates the point of
equality iIn total system costs. By drawing a line from the
point of interse-ticn perpendicular £o the time axls, we can
indicacte the period of time necessary in recovering the cost
from the proposed system which was initially more expensive.

a

Therefore, 1 operations are tc be limited to the left o

by

the breazk-even point, it would be more economical to keep

the current system; however, 1f operations will 7211 c¢cn the
right side of the break-sven point, it would be more eccromi-
cal to convert to either ¢ the proposed systems.

In accordance with the guidelines specilied in the
above context, a break-even analysis graph was ccnstructed
to determine the point of intersection between the current
system and the proposed 20 foot container system, as shown
in Figure 3-8.

By plotting the accumulated costs factors derived
from Tables 3-2 and 3-3, the resulting break-even point was
estimated to be between the years of 1985 and 1986, or 4.4
years from the proposed system's implementation date. This
reflects a conslderable amount of cost savings over the cur-
rent system, when projected out to the 15 year point.

When 40 foot containers are used, the break-even

polnt tends to shift itself to the right due to the higher
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fixed costs assocliated with the larger container. Thils is

shown 1in Figure 3-9, using data derived from Tables 3-2 and

3-4.
Sensitivity Analysis of the Hesults
An =z2nalysis of mcdel sensitivicy wzs performed on
four secvarate parameters usz! ir thiz zwudy. Specifically,
sensicivicy snalvsis invoiveld changing engine demand, the

The expected dsmand ol 22 I-130 engines was varied

mine how the change in demzand will 2f
total cost. The resulting figures were then rounded to the
next whole number, indicating an increase of 3? engines at
plus 10 percent and a decrease of 2 engines at minus 10 per-
cent (see Figures 3-10 through 3-13). The resulting tabula-
tions are presented in Tables 3-5, 3-6 and 3-7. The tables
show that when the expected demand dropped to 24 engines,
the current system cost was found to be $2,017,208, or 126
percent greater than the system being proposed using 20 foot
containers and $1,916,512, or 112 percent greater than when

40 foot contalners are used. By increasing the demand to 29

engines, the resulting current system cost was $2,532,419,
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or 137 percent greater than the proposed system using 20
foot containers and $2,377,364, or 119 percent greater than

when U0 foot containers are used.

Changes in Rate:

The next step In the sensitivity analysis involved

the evaluation of differences in ftotal ~o0sts that would

]
]

¥ ~ N 2 o - v 2 -
the crarororcation costs were Incresased 4o

w

E Bl
cour 1 "

'3

nmual Inflation rate of 20 percent as opposed to the esti-

B

mated 14 percent. TUsing the estimzted 14 percent as 2 base,
the annual inflation rate was also decreased to 8 percent in
arriving at the amcunt of change Iin total transportation
costs. The resulting total costs, as described ir Tables
3-8, 3-9 and 3-10, indicated that a 20 percent transporta-
tion cost Inflation factor would result in a current systen
cost of $3,890,977, or 189 percent greater than the system
being proposed using 20 foot contalners and $3,808,693, or
176 percent greater using 40 foot containers. In using an

8 percent inflation factor, the resulting cost of the pres-
ent system was $1,247,296, or 88 percent greater than the
proposed system using 20 foot containers and $1,013,103, or

61 percent greater using 40 foot contalners.

Changes in Surface Routing Structure

A total of five additional surface routes were con-
sidered. The total costs tabulated for each of the five

surface routes were used in comparison with the estimated

87
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total cost of the airlift route structure, in the following
manrer.,
1. Kelliy-Galveston-notterdam-Rhein-Main

As presented in Table 3-11, the resulting cost using

Tng ozur

'3

2N

1

route structure was calculated to be $2,321,549
cr 145 percent greater than the proposed route using 20 foot
containers and $2,116,525 or 117 percent greater than when
42 foot :ontainers are used.
2. Xelly-Charleston-Rctterdam-Rhein-Main

Table 3-12 shows that the total cost of the current
route would be $2,183,572 or 12% percent more than the pro-
posed route when 20 foot containers zre used and $2,11€,525
o2r 117 vercent greater than when the use of 40 foct con-
tainers is considered.
2. Kelly-lew Orleans-Bremerhaven-rhein-Main

Resulting costs of the airliit route structure were
calculated to be $2,142,796 or 120 percent more than the
rroposed route using 20 foot containers and $1,951,921 or
39 percent greater using U40 foot containers, as depicted in
Table 3-13.
4. Kelly~Charleston-Bremerhaven-Rhein-Main

Table 3-14 describes the resulting costs associated
with this routing structure. It shows that the engine ship-
ment costs, using the current route, would be $2,065,402
or 111 percent greater than the proposed system when using

20 foot containers. If 40 foot containers are used for

94
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shipments over the same route, a cost of $1,516,514 would be
incurred or 95 percent greater than the proposed system.
5. Kelly-Galveston-Bremerhaven-Rhein-Main

The results in Table 3-15 show that the cecst for
shipment over the current route would be $2,204,508 or 128
percent more than the proposed route using 20 foot cargo con-
tainers and $1,984,151 or 102 percent more than when 40 foot

containers are used.

Break-Bulk Surface Movement

An evaluation of the costs associated with break-

bulk versus contalnerization was also accomplished. These

costs were computed using the six previously discussed sur-

face routes examined in this study. Figure 3-14 shows the H
requirement for additional engines. Tables 3-16 through
3-18 show calculations of total break-bulk costs for each
route. Table 3-19 indicates that break-bulk is cheaper
than 20 or 40 foot contalner systems. These results will

be dilscussed further 1In the summary and in Chapter IV.

Summary of Results

The final results obtained from thils study clearly
indicate that the new systems being proposed will be more
cost effective than the current system ncw belng used. Even

with the acquilsition of the additional C-130-7 engines to

maintaln a satisfactory level of customer service, the pro-

posed intermrdal surface transportation systems will yield a
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cost savings of 136 percent with 20 foot containers and 113
percent using U0 foot containers. The break-even analysis
indicated that the cumulative costs of the proposed inter-
modal surface transportation systems would be less than the
current alr transpvortation system in 4.4 yesars, using 20

foot containers, and in 5.1 years using 40 foot contalners.

Sensitivity analysis was performed in order to ana-

tion factor used in calculating the transportation costs

of the current and oroposed systems. When an egqual increase
in the inflation ra*e percentage was applied, the cost sav-
ings of the proposed systems appeared to be zreater than

The base 14 percent inflation factor. In thiz case, a 20
ca2rcent Increase in transportation rates was used. When the
transportation rates were reduced to an inflaticon factor cf
8 percent, the savings appeared to be minimized.

When the surface routing structure was varied, the
total transportation costs of the intermodal systems changed.
However, in each of the six routes evaluated, the surface
transportation systems produced a considerable cost savings
over the currently used alr routing structure.

Changes in demand also resulted in a positive rela-
tionship to savings. A comparison between break-bulk and
containerized shipment, using surface modes, showed that
break-bulk shipments were more economlcal than containeri-
zatlion. However, break-bulk shipment will not be
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recommended for reasons which will be discussed in Chapter

Iv.
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CHAPTER IV

CONCLUSTONS AND RECOMMENDATIONS

Introduction

Table U4-1 was developed to illustrate the total cost
of the system now being used for the shipment of C-130-7
engines from Kelly AFB, Texas, to Rheln-Main AB, Germany.
It also presents cost comparisons between the currently used
system and the proposed systems that involve the use of 29
foot or 40 foot containers. These results clearly show
that by implementing either of the proposed systems in 1982,
total costs would be less relative to the current system.
In addition, the proposed systems include an increase in
inventory stock levels which would allow for readily avail-
able assets 1n response to a contingency or major exercise.
In acquiring the specifled number of additional engilnes, the
initial cost outlay will be recovered by the fifth or seventh
year, as determined by the use of break-even analysis. Any
period thereafter will produce additional savings.

Concerning the subjJect of break-bulk shipments, the
authors strongly feel that the non-economlc advantages real-
ized by the use of container systems far outweigh the cost
advantage of break-bulk shippi: ' found in thls research.

Contalners are wildely used in contrast to break-~bulk
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TABLE 4-1

1

SUMMARY OF TOTAL COST BY CYSTEN

Alr
(Non-containericed’
Tnitial Demand (26 engines) $3,624,18C
10% Inerease in Jemand (58 engines) $4,375,002
237 ~ecrease in Demand (48 engines) $3,222,22¢
0% Increase in Transport Costs $5,953,702
8% Increase in Transport Costs $2,66L 8491 %
Surfzce
No. of
Engines

20' Containers Added

Initial Demand (26 engines) 31,665,068 10 }
107 Increase in Demand (58 engines) $1,342,273 1l
10% Decvease in Demand (48 engines) $1,605,112 10
20% iIncrease in Transport Costs $2,062,725 10
82 Tncrease 1n Transport Costs $1,427,205 10
Surface
No. of
Engines
4o'* Containers Added
Initial Demand (26 engines) $1,840,520 14
10% Increase in Demand (58 engines) $1,997,728 15
10% Decrease in Demand (48 engines) $1,705,808 13
20% Tncrease in Transport Costs $2,145,009 14
84 Increase in Transport Costs $1,651,488 14
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shipments 1in international distribution of variocus commodi-
ties, especlally when water movements are part of the trans-

-7

s o
_\\

portation network. The following points are made £¢ Jfusti
the use of intermodal container systems:

1. Containerized lioads offer a decrease 1in port
handling time. In handling the C-130 engire, on zn Indivii-
1al basis, there 1s 3 decrease In envirormenta. protection,
cargo security, and flexibility of its Intramodal cotential.
Further, utlilizing <he container, cost reiuctions in hzan-
iling can be realized.

2, Containerizaticn offers z reduction In zz2rgo
turn-around time. In reducing the amount o7 handlinzg time
assoclated with containerization, cargo can be transferred
to other modes of transportation in 2 timel: zand efficlent
manner.

3. Containers provide temporaryv storzge
Containers are able to serve as temporary storage facili-
tles at ports, terminals and bases, where warechousing space
may be limited.

L, Reduction in the number of orders placed. As
indicated by thils study, containerization reduced the number
of orders required by 75 percent, using 20 foot containers,
and by 87.5 percent using 40 foot containers. A reduction
in cargo documentation wlll be experlienced because the con-

tainer becomes a single item in the system, thus requiring

documentatlon of the contalner, Instead of its contents.
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5. Labor costs in freight handling are reduced Jdue
to the increased use of automated material handling equip-
ment.

6. Finally, containers are available in a variety
of sizes, many of which are standardized for intermodal use.

It should be noted that one of the reasons that
break-bulk shipping had less total costs than the container
modes was that only 45 percent of the availatle container
volume 1s used when transporting engines. Since container
tariff rates are based on the contalner and not the contents,
low utllization results in a high transportation cost per
engine. It 1s recommended that studles be conducted to
develop ways to put mere engirnes in each container in order
to drive down the transportation cost per engine. This and
other recommendations for further research will be presented
in a later section.

As a result of thils study, the use of 20 foot con-
tainers appears to be more eccnomically feasible than the
40 foot container. While the actual transportation costs
for the 40 foot contalner is c=omewhat less than the 20 foot
contalner's transportation costs, acquisition costs neces-
sary 1in obtaining the additional engines is substantially
more when the 40 foot contalners are used. This additional
cost should be weighed against the advantages of having

the additional engines and should be consldered before
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making any major decisions between the use of either type oF

contaliner.

Recommendations for Further Ztudy

The forecasted ircrezze In trarnzr o oovoTion oand Duel

ninzg for peace time and Tir monilizavic:., TLrosxamrlse,
che Increased use of contalierization procsiures, for all
commoditias of cargo, haz :reated a new zIi-.=7iz>n <hat

reguires Surther research 1n determining <hs most economical
means of Implemerting contziner systems.

In nopes of 1Imorcvirzg the efficisrncy z2nd effectiva-
ress 07 our transportation netweork, the autrors offer a
series cf additional reccormendations for Jurther research.

1. It is recommended that a feasibility study te
done in the design and develoobment of racks to be installed
inside the containers to allow stacking capability for
engines and other DOD major investment type items. This
will allow for additional engine shipments, at no additional
cost to DOD. It 1is noted that only 45 percent of each con-
tainer 1s presently being used.

2. A limitatlion that may affect the amount of sav-
ings is the cost of englne damage 1f containerization is
used. Since the proposed system is not in use, at this time,

there was no means of obtalning cost-of-damage data, for a
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satisfactory comparlson to the current system. Therefore,
it 1s recommended that a cost study ve done to determine

3

£0

mage 2ost Jdata, whlch would then te addedi as a component
to the total cost model for further analysis.

2. An area of concern, which may assist in cutting
excessive transportation and fuel costs, 5 depot level
maintenance to be performed In the Zuropesn theater. It isg
recommended that a Teaslibility cost study be done on the
construction of consolidated maintenance facilities in over-
seas locations. Thils wouid minimlze the need for piceline

inventory and reduce total transportation costs to an abso-

n

lute mininmum. In essence, the 20D should research the size
of the overseas maintenance facili*izs necessary to maximirze
economies of scale whiie providing the necessary support
required.

4, The question of whether to lease or buy the
number of contalners necessary to support the shipment of
the C-130 engines from CONUS to Europe should be investi-
gated. A cost analysils should be performed in determining
the total cost to acqulre the necessary number of containers
and the total cost of leasing. Break-even analysis should
then be performed in determining a pay-off factor between
the two concepts.

5. The final recommendation for further research
concerns an investigatlon of the impact of using container

systems on the MAC alrlift system. That 1s, thls study was
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limited to an economic analysis to determline the least total
ccst system of moving C-130-7 engines between the CONUS and
Germany. I containerships are used, there will te less
traffic for the MAC airlift system to handle. The impact

of this change on the use and readiness of the airlift sys-

tem would have to *e 1nvestigated.

Conclusion

The essence of this research 1lnvolved a trade-off
analysis between using a distribution system with premium
transportation and no additional inventory versus a distri-
bution system with surface transpcrtation and additional
inventory. This frade-off analysis 1is generally illiustrated
in textbooks as shown in Figure 4-1 (6:31).

However, the quantitative analysis conducted as part
of this research effort indicates the shape of the total
cost curves to be more like those shown in Figure 4~2. This
figure indicates that surface transportation systems, coupled
with additional levels of inventory, result 1n lower total
costs when transportatlon costs increase at a faster rate
than general prices.

Based on the results of this study, 1t 1s concluded
that the proposed system, using elther 20 foot or 40 foot
containers, would be more economical than the continued use
of alr transportation for C-130-7 engine movement to and

from Rhein-Main AB, Germany.
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Total Costs

Distribution .
System Transooruat on
f\oa,., COStD

Inventory Costs

High Inventory Low Inventery
Surface Transrvortation Air Transportation

Fig. 4-1. Distribution Zystem Cost Relatlonshics

Total Costs

Distribution Transportation
System Costs
Costs

Inventory Costs

High Inventory Low Inventory
Surface Transportation Air Transportation

Fig. 4-2. Distribution System Cost Relationships
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